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(54) HEAT TREATMENT EQUIPMENT FOR THICK STEEL PLATE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide heat treatment equipment for a thick steel 
plate, which uniformizes a temperature distribution in a plate thickness direction and a 
plate width direction, and does not generate deformation originating from heat 
distortion in the plate. 

SOLUTION: The heat treatment equipment for the thick steel plate, which arranges 
several solenoid type induction heating devices in series, is characterized by arranging 
a table roll of an internal cooling type and a press roll of the internal cooling type so 
as to mutually face in a vertical direction, on the outlet side of the each solenoid type 
induction heating device. 
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* NOTICES * 

J?0 and NCIPI are not responsible for any 
iamages caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original precisely. 

shows the word which can not be translated. 
3.in the drawings, any words are not translated. 



CLAIMS 



;Claim(s)] 

iCIaim 1] The thermal treatment equipment of the steel plates characterized by carrying out vertical opposite and installing an internal 
ntercooiing-type table roll and an internal intercooling-^type pressei — foot roll in each solenoid mold induction heating apparatus 
appearance side in the thermal treatment equipment of the steel plates which have arranged two or more solenoid mold induction 
seating apparatus to the serial. 

'Claim 2] The thermal treatment equipment of the steel plates characterized by installing the pinch roll for edge cooling which is from 
a vertical internal intercooling-type roll on each solenoid mold induction heating apparatus appearance side in the thermal treatment 
equipment of the steel plates which have arranged two or more solenoid mold induction heating apparatus to the serial. 
iCIaim 3] The thermal treatment equipment of the steel plates characterized by installing the internal intercooling-type ** roll for 
steel-plates end-face cooling in each solenoid mold induction heating apparatus appearance side in the thermal treatment equipment 
:>f the steel plates which have arranged two or more solenoid mold induction heating apparatus to the serial. 

iClaim 4] Interna! intercooling-type the pinch roll for edge cooling is the thermal treatment equipment of the steel plates according to 
slaim 2 which presuppose that it is movable crosswise and are characterized by restraining the edge section of steel plates by the 
width of face which corresponds by 2 to 5 times the board thickness. 



Translation done.] 



ittp://www4.ipdl.ncipLgojp/c^ 2006/08/1 1 



1/4 ^ — V 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
10001] 

[Field of the Invention] This invention relates to the thermal treatment equipment of hardening of steel plates and the steel plates 

i/vhich anneal and are used in heat treatment processes, such as annealing. 

[0002] 

[Description of the Prior Art] In heat treatment processes, such as hardening of steel plates, annealing, and annealing, in order to 
oarry out rapid heating of the steel plates, when using an induction heating apparatus, since the induced current generates it in the 
steel plate surface section since processed material is a ferromagnetic in ordinary temperature, and the surface section is rapidly 
heated compared with the interior of a steel plate except for stainless steel, it is necessary to consider the following points. 
;i ) It is necessary to prevent deformation by heat distortion by minimizing the degree difference of stoving temperature on the rear 
face of a steel plate table. When processed material deforms within a solenoid mold induction heating apparatus (following inductor) by 
heat distortion, there is a possibility of damaging equipment. 

[0003] This is because the serious defect for about [ that it becomes impossible to pass a down— stream inductor ] and quality will be 
generated if the deformation accompanying the distortion and it of an ingredient by the degree difference of stoving temperature on 
the rear face of a table is not prevented when serial arrangement of the solenoid mold inductor is carried out and continuation heating 
is carried out between the table rolls as an ingredient conveyance means. When straightening machines, such as a leveler, are 
arranged for this heat distortion and the technique to remove was also examined, there are the following troubles. 
4=* Between inductors comes to be long by the leveler captain, and causes temperature lowering by split material. 

Generally, since there are many undei — from top roll rolls, a leveler starts the next heating, with a front flesh-side temperature 
gradient attached. 

If a leveler is arranged for every inductor, an installation cost will increase and it will become uneconomical. 
(2) It is necessary to make the temperature distribution of the direction of the board width into homogeneity by minimizing the degree 
difference of stoving temperature of the center of a plate, and a plate edge. According to this, drawing 5 shows that the induced 
current (sneak current) also generates the plate cross-section corner section into a surface part (board thickness and the direction 
of the board width), and since the induced current flows from both board thickness and the board width in the comer section, joule 
generation of heat will take place, and the edge section will carry out the temperature rise of it. Generally a temperature rise occurs in 
the edge section of the width of face which is equivalent to about 2 to 5 times of about 20-1 00mm, i.e., board thickness, from the 
edge section, and it has a big adverse effect on quality. 

[0004] In case steel plates are heat-treated using an induction heating apparatus, the conventionally following proposals are made 
about the technique for carrying out homogeneity heating of the processed material. 

[0005] The cure is shown in JP,48~25237 f A about temperature ununiformity prevention of the point back end of a plate longitudinal 
direction when two or more solenoid mold induction heating apparatus have been arranged to the serial. 

[0006] Moreover, if it is heating below the Curie point, it is shown to Provisional Publication No. No. 64534 [ 48 to ] by mutual heating 
of low frequency induction heating and high-frequency induction heating that the uniform temperature up of an inequality thickness 
cross-section ingredient is possible. 

[0007] On the other hand, the approach of injecting cooling water as a cure of crosswise uneven heating into the part to which the 
plate edge was restricted, and cooling the elevated-temperature section of a plate edge is shown in Provisional Publication No. No. 
25239 [ 48 to ]. 
[0008] 

[Problem(s) to be Solved by the Invention] However, there are the following problems in the above-mentioned conventional technique. 

[0009] First, by the approach of JP,48-25237,A, the whole plate cross section cannot be heat-treated to homogeneity, but neither the 
plate deformation by heat distortion nor generating of the temperature distribution in the direction of board thickness can be 
prevented. 

[0010] Moreover, by the approach of Provisional Publication No. No. 64534 [ 48 to ], rf it is heating below the Curie point uniform 
temperature up of an inequality thickness cross— section ingredient is made possible with mutual heating of low frequency induction 
heating and high-frequency induction heating, but when heated ingredient board thickness is thin, there is a problem which cannot do 
sufficient temperature up. In the case of low frequency induction heating about 50~200Hz near commercial frequency, as shown in a 
bottom type (1), this In order for heat input power to decline in proportion to a frequency and to acquire still more sufficient field, it is 
necessary to take a current enormously, It is difficult to consider as the heating apparatus materialized industrially from the lower limit 
of the board thickness which can be heated if a heating frequency is low existing (for example, a lower limit being set to about 1 7mm 
when it is the heating frequency of 200Hz). Therefore, heat treatment of the steel plates which have various thickness with this 
technique is difficult. 
[0011] 

P= Pi-mu-f-H 2 and S-L-Q ... (1) 
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-lere — Prheating absorption power, mu:permeability, and f: — a frequency, Krmagnetic field strength, Sringredient cross section, 
Lingredient length, and Qiabsorption coefficient are shown. 

[0012] Although it will be thought by the approach of Provisional Publication No. No. 25239 [ 48 to ] that appropriate effectiveness is 
acquired tf a proper quantity of cooling water is injected on a plate edge The edge width of face and the amount of fault heating fault 
Heating is carried out [ the amount ] in heat treatment of steel plates by the relation between the board thickness of heated material 
and a heating frequency change. If it is difficult to inject cooling water the neither more nor less only into the edge part according to 
this and there is much amount of water, supercooling will arise, and if the edge width of face which injects cooling water is not 
suitable, the problem of crosswise temperature distribution not being improved will be produced. Moreover, the problem of a spark 
srack occurring is also in a conveyance roll from insulating lowering of problems, such as aggravation of the surface quality by 
injecting cooling water, and sudden change of construction material, the problem of insulating management of the induction heating 
apparatus by using water, and an ingredient and a conveyance roll. 

[0013] The object of this invention solves the trouble of the above conventional techniques, attains equalization of the temperature 
distribution of the direction of board thickness, and the direction of the board width, and is to offer the thermal treatment equipment 
of the steel plates which deformation by heat distortion does not generate further. 
[0014] 

[Means for Solving the Problem] That is, the thermal treatment equipment of the steel plates of this invention has the following 
descriptions. 

[0015] (1) The thermal treatment equipment of the steel plates characterized by carrying out vertical opposite and installing an 
internal intercooling— type table roll and an internal intercooling— type pressei — foot roll in each solenoid mold induction heating 
apparatus appearance side in the thermal treatment equipment of the steel plates which have arranged two or more solenoid mold 
induction heating apparatus to the serial. 

[0016] (2) The thermal treatment equipment of the steel plates characterized by installing the pinch roll for edge cooling which is from 
a vertical internal intercooling-type roll on each solenoid mold induction heating apparatus appearance side in the thermal treatment 
equipment of the steel plates which have arranged two or more solenoid mold induction heating apparatus to the serial. 
[001 7] (3) The thermal treatment equipment of the steel plates characterized by installing the internal intercooling-type ** roll for 
steel-plates end-face cooling in each solenoid mold induction heating apparatus appearance side in the thermal treatment equipment 
of the steel plates which have arranged two or more solenoid mold induction heating apparatus to the serial. 

[0018] (4) Internal intercooling-type the pinch roll for edge cooling is the thermal treatment equipment of steel plates given in the 
above (2) which presupposes that it is movable crosswise and is characterized by restraining the edge section of steel plates by the 
width of face which corresponds by 2 to 5 times the board thickness. 
[0019] 

[Embodiment of the Invention] It is view drawing where drawing 1 shows 1 operation gestalt of the thermal' treatment equipment of the 
steel plates of this invention, drawing 1 (a) meets a side elevation and drawing 1 (b) meets the B-B line in drawing 1 (a). 
[0020] The cooling system of drawing 1 has the internal water cooling type pressei — Foot roll 1 which is a top roll, and the internal 
water cooling type table roll 2 which is a bottom roll. Said internal water cooling type pressei — foot roll 1 is supported by bearings 3a 
and 3b, and said internal water cooling type table roll 2 is respectively supported by bearings 4a and 4b. Moreover, said bearings 3a 
and 3b are held at a lifting device 5, make it go up and down the internal water cooling type presser-foot roll 1, and enable it to adjust 
spacing between the internal water cooling type pressei — foot roll 1 and the internal water cooling type table roll 2, and the rolling draft 
of the internal water cooling type pressei — foot roll 1 by making it go up and down bearings 3a and 3b with this lifting device 5. 
[0021] Water is supplied to cooling water by said internal water cooling type presser-foot roll 1 through bearing 3b T and after this 
cooling water flows the presser-foot roll 1 interior and cools a roll, it is drained from bearing 3a. 

[0022] Moreover, water is supplied to cooling water by said internal water cooling type table roll 2 through bearing 4b, and after this 
cooling water flows the table roll 2 interior and cools a roll, it is drained from bearing 4a. 

[0023] Said lifting devices 5a and 5b are for carrying out pin CHINGU of the steel plates 7 with an upper roll, and a bottom 

roll at the top-face section of steel plates 7, and usually drive the internal water cooling type presser-foot roll 1 by the pneumatic 
cylinder. 

[0024] Next actuation and an operation of the thermal treatment equipment of the steel plates of the above-mentioned operation 
gestalt are explained. 

[0025] In heat treatment processes, such as hardening of steel plates, annealing, and annealing, continuation heating of the steel 
plates is carried out by the inductor of a serial. 

[0026] It cools carrying out full roll pressing down of the ingredient with the cooling system by the internal water cooling type 
pressei — foot roll 1 and the internal water cooling type table roll 2 which are shown in each inductor appearance side at drawing 1 . 
[0027] Carrying out roll pressing down, by cooling, the degree difference of stoving temperature on the rear face of a steel plate table 
can be minimized, and deformation by heat distortion can be prevented. Moreover, it also has the effectiveness of reducing the degree 
difference of stoving temperature of the center of a plate, and a plate edge. 

[0028] Drawing 2 shows the result investigated by the case where it cools carrying out roll pressing down of the relation between the 
board thickness of steel plates, and a soaking time required to carry out soak of the steel plates which have the board thickness with 
the cooling system by the internal water cooling type presser-foot roll and the internal water cooling type table roll, and the case 
where a cooling system is not used. Here, a soaking time is time amount taken for the steel plate surface section and the interior of a 
steel plate where temperature is low where temperature is high to become the same temperature in the direction of board thickness 
with heat transfer. When cooling according to this, carrying out roll pressing down with the cooling system mentioned above, since a 
steel plate front face can be cooled to front flesh— side identitas with roll contact heat transfer, it is steel plates of 50mm of board 
thickness, and the required soaking time in an air cooling without blower can shorten this place for about 2 seconds for 20 seconds. 
Consequently, it becomes miniaturizable [ the facility by the ability to shorten shortening of heat treatment time amount, or distance 
between inductors ]. 

[0029] Furthermore, since a gone up part of heating by the following inductor can be greatly set up by reducing steel plate surface 
temperature compulsorily, it also becomes possible to perform rapid heating. 

[0030] Moreover, a steel plate temperature gradient with a width-of-face mid gear becomes large so that drawin g 3 shows the result 
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ji having investigated the relation of the temperature gradient of stee! plate temperature with the width-of-face mid gear in a 
crosswise location with steel plates and the edge section of a steel plate is approached, but rt is cooling carrying out roll pressing 
Down from the upper and lower sides, and the reduction effectiveness of a crosswise temperature gradient is acquired, so that 
especially the edge section is approached with roll contact heat transfer. 

.0031] It is view drawing where drawing 4 shows other operation gestalten of the thermal treatment equipment of the steel plates of 
this invention, drawing 4 (a) meets a side elevation and drawing 4 (b) meets the B-B line in drawing 4 (a). 

.0032] The cooling system of drawing 4 has the pinch roll A which consists of rolls 8 and 9 for the object for up edge cooling, and 
ower edge cooling. Said roll 8 for up edge cooling is supported by bearings 10a and 10b, and said roll 9 for lower edge cooling is 
-espectively supported by bearings 1 1a and 11b. Moreover, said bearings 10a and 10b are held at a lifting device 5, make rt go up and 
down the roll 8 for up edge cooling, and enable it to adjust spacing between the roll 8 for the object for up edge cooling, and lower 
sdge cooling, and 9, and the rolling draft of the roll for up edge cooling by making it go up and down bearings 10a and 10b with this 
lifting device 5. Moreover, a lifting device 5 is supported by the engine frame 13, and an engine frame 13 moves an engine frame 
according to the migration device 12 made movable crosswise [ steel plate ] in the fixed base 14 top. Although drawing 4 (b) shows 
the piece edge of the direction of the board width, it has structure with the same said of other piece edges. 

:0033] One or more sets of such pinch rolls A are arranged in a steel plate feed direction at each appearance side of two or more 
sets of the inductors arranged at the serial. Although 1 set is arranged here, 2 or more sets may be arranged. In addition, with this 
operation gestalt opposite arrangement of the internal water cooling type presser-foot roll 1 and the table roll 2 of an internal water 
cooling type has already been carried out between inductors, and the pinch roll A which consists of rolls 8 and 9 further for the object 
For up edge cooling and lower edge cooling is arranged. Although the pinch roll A has been arranged between the internal water cooling 
type presser-foot roll 1 by which opposite arrangement is carried out the table roll 2 of an internal water cooling type, and a latter 
inductor, you may arrange between the internal water cooling type presser-foot roll 1 by which opposite arrangement is carried out 
with the inductor of the preceding paragraph, and the table roll 2 of an internal water cooling type. 

[0034] Water is supplied to cooling water through bearing 10b by said roll 8 for internal water cooling type up edge cooling, and after 
this cooling water flows the roll 8 interior for up edge cooling and cools a roll, it is drained from bearing 10a. 

[0035] Moreover, water is supplied to cooling water through bearing 1 1b by said roll 9 for internal water cooling type lower edge 
cooling, and after this cooling water flows the roll 9 interior for lower edge cooling and cools a roll, it is drained from bearing 1 1 a. 
[0036] Said lifting devices 5a and 5b are for carrying out pin CHINGU of the steel plates 7 with a top roll, and a bottom roll in 

the edge upper part of steel plates 7, and usually drive the roll 8 for up edge cooling by the pneumatic cylinder. 

[0037] Said migration device 1 2 is to move an engine frame 13 crosswise and for the roll 8 for up edge cooling and the roll 9 for lower 
edge cooling restrain the edge section of steel plates by the width of face which corresponds by 2 to 5 times the board thickness. 
[0038] Next, actuation and an operation of the thermal treatment equipment of the steel plates of the above-mentioned operation 
gestalt are explained. 

[0039] In heat treatment processes, such as hardening of steel plates, annealing, and annealing, continuation heating of the steel 
plates is carried out by the inductor of a serial. 

[0040] To each inductor appearance side, it counters as the object for front faces, and an object for rear faces, the roll for edge 
cooling of an internal water cooling type shown in drawing 4 is arranged, the roll for edge cooling is contacted only to a part for an 
edge fault heating unit, and contact heat transfer performs edge cooling. 

[0041] As for internal intercooling-type the roll for edge cooling, it is desirable to suppose that it is movable crosswise according to 
the steel-plates board width, and to restrain the edge section of steel plates by the width of face which corresponds by 2 to 5 times 
the board thickness. At this time, the lap die length of the board width of the roll for edge cooling and steel plates which is the range 
of edge cooling may measure the width of face for a fault heating unit with a crosswise thermometer, even if it determines the amount 
of laps for every ingredient, it is not cared about and like may two-dimensional heat-conduction solve an equation, and it may 
presume a part for the fault heating unit of the edge section. It is required to fully cool a roll, in order to cool with contact heat 
transfer, and to secure sufficient temperature gradient to an ingredient 

[0042] Although equalization of temperature is in drawing in this invention by cooling the steel plate by which fault heating was carried 
out the policy which heats the cross direction to homogeneity is also considered with devising the property of an inductor as follows. 
However, all have a demerit and are lacking in implementability. 

** In order to make regularity board thickness/depth of penetration (t/delta), change a heating frequency for every board thickness of 
the ingredient heated. 

[0043] in order to take the large manufacture range and to change resonance frequency, it is necessary to change the power 
capacitor for the impedance matching of a mass induction heating apparatus, and an inverter oscillation electrical potential difference, 
and an equipment design is difficult 

** When a heating frequency cannot be changed, it will be necessary to prepare much heating apparatus with which frequencies differ, 
and the number of an inductor will increase substantially. Moreover, to rational arrangement become impossible or control edge 
temperature distribution combining two or more heating frequencies, it is necessary to perform very complicated count to a large 
quantity, and system cost goes up. 

** Demagnetization of the edge part by auxiliary coils, such as a magnetic focusing child (flux diverter), etc. reduces about [ making an 
inductor into complicated structure ] or total heating effectiveness. Moreover, it is not the large power sense. 

[0044] Drawing 6 shows other operation gestalten of the thermal treatment equipment of the steel plates of this invention, drawing 6 
(a) is a front view and drawing 6 (b) is a top view. 

[0045] The cooling system of drawing 6 has the ** roll 1 5 for steel-plates end-face cooling of two. Said ** roll 1 5 is supported by 
bearings 16a and 16b. Said bearings 16a and 16b are supported by the engine frame 13, and an engine frame 13 moves an engine 
frame according to the migration device 12 made movable crosswise [ steel plate ] in the fixed base 14 top. Although drawing 6 shows 
the piece edge of the direction of the board width, it has structure with the same said of other piece edges. 

[0046] Water is supplied to cooling water through bearing 1 6a by said ** roll 1 5 for internal water cooling type steel-plates end-face 
cooling, and after this cooling water flows the ** roll 1 5 interior and cools a roll, it is drained from bearing 1 6b. 

[0047] Said migration device 12 is for pushing in so that an engine frame 13 may be moved crosswise and the ** roll 15 for steel- 
plates end-face cooling may touch the end face of steel plates 7. 
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.0043] Next actuation and an operation of the thermal treatment equipment of the steel plates of the above-mentioned operation 
gestalt are explained. 

.0049] In heat treatment processes, such as hardening of steel plates, annealing, and annealing, continuation heating of the steel 
_lates is carried out by the inductor of a serial. 

.0050] The internal intercooling-type ** roll for steel— plates end— face cooling shown in each inductor appearance side at drawing 6 is 
contacted to a steel-plates end face, and it cools. 

.0051] When carrying out induction heating of the steel plates, according to drawing 5 , it turns out that it is heated by the same 
iepth of penetration as the center of the cross direction to the end face of a plate. Since this is heated in respect of [ direction / of 
:>oard thickness / both / the direction of the board width, and ] a plate edge, it shows that end-face cooling is required in order to 
nean that temperature is higher than any part in a steel plate and to prevent fault heating. Therefore, the effectiveness that cooling 
:o which a ** roll contacts [ make ] a steel-plates end face is big is acquired. 

.0052] With the operation gestalt shown in drawing 6 , this ** roll can be simultaneously arranged in a serial in or more 2 steel-plate 
travelling direction, a steel— plates end face can be pressed down, and a role (ingredient centering function) of a side guide can also be 
jiven. In an actual inductor, since the method conditions of crosswise infinite distance are not satisfied when heating steel plates 
Droad enough to solenoid width of face, it must take into consideration that the magnetic flux (the cross direction and the vertical 
direction) of an inductor edge also contributes to edge heating. 

"0053] Since the magnetic-path length of the both ends of steel plates differs by right and left, drawing 7 is the explanatory view 
5howing producing **** in a steel plate. In order to prevent such +++*, a centering function is required in induction heating of steel 
slates. 

>.0054] The equipment which carried out vertical opposite and installed an intern al—intercoo ling— type table roll and an internal- 
intercoo ling-type pressei — foot roll as shown in drawing 1 by this invention as having stated above, the equipment which installed the 
sinch roll for edge cooling which consists of a vertical intern a Hntercooling-type roll as shown in drawing 4 , and the equipment which 
installed the interna Hntercooling-type ** roll for steel-plates end-face cooling as shown in drawing 6 may combine and use according 
to the object and it may use independently. 
[0055] 

[Effect of the Invention] Equalization of the temperature distribution of the direction of board thickness and the direction of the board 
width is attained using an efficient induction heating apparatus, and from a split to a thick material, it is at the heating termination 
event without generating deformation by the heat distortion of an ingredient, curvature, and meandering, and very accurate uniform 
heating can be realized in board thickness and the direction of the board width. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



]Brief Description of the Drawings] 

[Drawing 1] It is view drawing where 1 operation gestalt of the thermal treatment equipment of the steel plates of this invention is 
shown, drawing 1 (a) meets a side elevation and drawing 1 (b) meets the B-B line in drawing 1 (a). 

[Drawing 2] The graph which shows the relation between the board thickness of steel plates, and a soaking time required to carry out 
soak of the steel plates which have the board thickness 

[Drawing 3] The graph which shows the result of having investigated the relation between a crosswise location with steel plates, and 
the steel plate temperature in a width-of-face mid gear and the temperature gradient of the steel plate temperature in a certain 
crosswise location 

[Drawing 4] It is view drawing where other operation gestagen of the thermal treatment equipment of the steel plates of this invention 
are shown, drawing 4 (a) meets a side elevation and drawing 4 (b) meets the B-B line in drawing 4 (a). 

[Drawing 5] The explanatory view showing that the induced current (sneak current), also generates the plate cross-section corner 
section into a surface part (board thickness and the direction of the board width) 

[Drawing 6] Other operation gestarten of the thermal treatment equipment of the steel plates of this invention are shown, drawing 6 
(a) is a front view and drawing 6 (b) is a top view. 

[Drawing 7] The explanatory view showing producing **** in a steel plate since the magnetic-path length of the both ends of steel 
plates differs by right and left 
[Description of Notations] 

1 Presser-Foot Roll 

2 Table Roll 
3a Bearing 
3b Bearing 
4a Bearing 
4b Bearing 

5 Lifting Device 
5a Lifting device 
5b Lifting device 

6 Solenoid Mold Induction Heating Apparatus (Inductor) 

7 Steel Plates 

8 Roll for Edge Cooling 

9 Roll for Edge Cooling 
10a Bearing 

10b Bearing 
1 1 a Bearing 

1 1 b Bearing 

12 Migration Device 

13 Engine Frame 

14 Fixed Base 

1 5 ** Roll for Steel-Plates End-Face Cooling 
16a Bearing 
1 6b Bearing 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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